Summary
Background: Development of perianal fistulas are a common feature of Crohn's disease (CD). Consequences are severe impairment of quality of life as well as potentially life-threatening complications like abscess formation or bacterial sepsis. Therefore, appropriate treatment is an important task in the management of CD. Methods: This review describes the epidemiology, pathogenesis, diagnosis, and conservative medical treatment of perianal CD with regard to the available literature. In February 2015, a PubMed search was performed with the following terms (combined and separate): 'Crohn's disease management', 'Crohn's disease complications', 'perianal Crohn's disease', 'fistulizing Crohn's disease', 'perianal fistulas', 'fistula healing', 'fistula closure'. From the search results, 36 articles were chosen as core elements of this review. Results: Pelvic magnetic resonance imaging and rectal endosonography are established diagnostic approaches to evaluate perianal fistulas in conjunction with endoscopy. Antibiotics, thiopurines, and calcineurin inhibitors are useful agents in the management of perianal CD. The availability of anti-TNF-alpha therapies has substantially changed the prospects and goals of medical treatment, and fistula healing seems to be possible in a substantial proportion of patients. Conclusion: Antibiotics and several immunosuppressive drugs have improved the treatment of fistulizing CD and should be combined with surgical measures.
therapy is the resolution of secretory activity to improve quality of life, the prevention of septic complications, and, if possible, fistula closure [6] .
Therapy of perianal fistulas should be based on an interdisciplinary approach combining surgical as well as medical treatment. Especially complicated fistulas with development of abscesses require close interdisciplinary management. The surgical treatment is described by Kreis et al. [7] in this issue, and both treatment approaches -surgical and/or conservative -should be considered depending on the clinical situation. However, in this article, we will focus on the medical conservative treatment options for the management of perianal CD after a short description of the pathogenesis and diagnostic approaches.
Pathogenesis of Fistulas in Crohn's Disease
To understand the possible benefit of medical treatment options in fistulizing CD, it is important to describe the pathophysiology of fistula formation. However, fistula pathogenesis is still poorly understood. A multi-step pathogenesis seems to be the most comprehensive explanation. In CD pathogenesis, genetically and environmentally driven disturbances in the antimicrobial barrier of the gut against millions of bacterial commensals and pathogens seem to trigger mucosal injury and inflammation [8] . This inflammatory tissue destruction leads to a transmural tissue-overarching defect in the gut wall, which can be histologically characterized as tissue injury penetrating into the deep layers of the intestine [2, 9] . Mucosal fibroblasts, responsible for tissue healing, seem to have less migratory potential in CD patients than fibroblasts of healthy controls. Therefore, as one possible explanation, appropriate wound healing does not take place [2, 10] . Instead, these fissure-like tissue defects are characterized by epithelialization as an alternative healing mechanism of the intestinal barrier [9, 11, 12] . Furthermore, bacterial colonization seems to be involved in the formation and perpetuation of fistulas. In perianal fistulas, skin-derived bacteria seem to remarkably be the main involved microorganisms, rather than gutderived bacterial flora [6, 13] . Keeping these pathomechanistic interrelations in mind, therapeutic approaches need to include on the one hand modulation of the inflammatory processes leading to fistula formation and on the other hand antibacterial strategies to decrease the bacterial burden aggravating inflammatory cascades.
Diagnostic Approaches
Diagnostic procedures have the aim to determine the distinct location and extent of perianal fistulas as well as their anatomical position. Endoscopy is routinely performed early in the workup for fistulizing Crohn's disease and will not be discussed in detail here. Importantly, downstream strictures need to be ruled out since these significantly interfere with fistula healing by obstructing the natural 'way of least resistance' and deviate the fecal stream to pass through the fistula tract ( fig. 1 ).
Furthermore, complications like abscesses or organ penetration need to be evaluated [14] . To this end, imaging techniques like fistulography, computed tomography, anorectal endosonography (EUS), and pelvic magnetic resonance imaging (MRI) are potential methods in principal; however, since fistulography and computed tomography provide very low diagnostic accuracy combined with radiation exposure, these methods are no longer in clinical use nor recommended [6, 14] , and pelvic MRI and anorectal EUS have become the methods of choice. Naturally, physical examination is mandatory as a first step to determine the presence of perianal lesions (e.g. ulcers), the extent of skin alterations, signs of abscess formation, and the number and active secretion status of external fistula openings. Endoscopic examination should be performed to determine rectal and colonic inflammatory activity ( fig. 2) [14] . In the following section, advantages and disadvantages of EUS and MRI will be discussed.
Rectal Endosonography
High-frequency EUS is able to visualize internal sphincteric structures, and especially with hydrogen peroxide installation it is possible to identify and characterize fistula tracts [15, 16] . A 2012 meta-analysis from Siddiqui et al. [17] revealed a sensitivity of 87% for fistula detection whereas specificity reached only 43%. Even though EUS is widely available and carries limited costs, its diagnostic potential is strongly operator-dependent and the full spectrum of its benefits can only be achieved in the hands of an experienced examiner. Technical limitations are the impossibility of its use in anal stenosis and the limited assessment of the external sphincter [6] . In the case of complex fistula systems, tracks might be outside the diagnostic window of this method [13] .
Pelvic Magnetic Resonance Imaging
Pelvic MRI is an accurate method of detecting fistula tracts and abscesses and their relation to neighboring anatomical structures, and is able to differentiate between inflammatory activity versus fibrotic fistula tracks [18, 19] . The above-mentioned metaanalysis by Siddiqui et al. [17] also investigated the sensitivity and specificity of fistula detection by pelvic MRI with values of 87 and 69%, respectively. Pelvic MRI has a high accuracy in detecting abscess formation. Figure 1 depicts an example of a severe perianal fistula system with pararectal abscess formation that was treated with radiologically guided drainage placement prior to antitumor necrosis factor (TNF)-alpha therapy ( fig. 3 ). As Schwartz et al. [20] found comparable accuracy of EUS and pelvic MRI (91 and 87%), the use of each technique depends on expertise and patient preferences. However, a study published in 2004 by Buchanan et al. [21] revealed superiority of MRI compared to EUS with respect to classification and identification of fistula tracts as well as abscesses. However, costs are higher for pelvic MRI compared to EUS [14] .
Another established method of investigating perianal fistulas is examination under anesthesia (EUA) by an experienced colorectal surgeon. The major advantage of this method is the direct possibility to place a seton stitch and to drain abscesses. Accuracy is comparable to that of MRI and EUS at approximately 90% [20] .
Medical Treatment of Perianal Crohn's Disease
Several immunosuppressive and immune-modulatory therapies have been evaluated concerning treatment of perianal fistulas. Not all of them proved efficacious. Mesalazine (5-aminosalicylic acid) did not show any effect on perianal fistula healing [2] . Also corti- costeroids have no positive effects on fistula healing and may even have harmful properties. Increased rates of complications have been reported, accompanied by an increased need for surgery [4, 22, 23] . Therefore, corticosteroids cannot be recommended in the setting of perianal fistulas in CD.
Furthermore, one has to keep in mind that spontaneous fistula healing is also possible. From the data pool of placebo-controlled clinical trials evaluating the efficacy of multiple therapeutic approaches, the spontaneous fistula closing rate (placebo rate) seems to be between 6 and 13% [24, 25] . Therefore, every therapeutic approach needs to be better than that, without raising the rate of complications.
Antibiotics, calcineurin inhibitors (CNIs), thiopurines, and anti-TNF-alpha therapy are established therapeutic options and will be discussed in the following sections. New agents like the anti-integrin antibody vedolizumab might also have the potential to modulate the natural course of perianal fistulizing CD.
In any case, all therapeutic approaches should focus on prevention of septic complications arising from perianal abscess formation. Therefore, before starting one of the above immunosuppressive agents, abscess formation needs to be ruled out and existing abscesses treated by drainage/surgery and/or antibiotics ( fig. 2 ) [14] . This applies especially to anti-TNF-alpha therapy, as severe septic complications can be the result of inadequate abscess control.
Antibiotics (Ciprofloxacin/Metronidazole)
The significance of antibiotics in the treatment of perianal CD lies in first-line management as well as the management of infectious complications; however, no frequent and sustained healing has so far been reported with antibiotic treatment alone [4] . Metronidazole is the best studied antibiotic in perianal CD even though evidence is widely based on only three studies [26] [27] [28] . Clinical improvement on metronidazole treatment can be expected within 6-8 weeks [26] . The fistula closure rate has been shown to be approximately 50% [28] . However, fistula healing seems to not be sustained. 4 months after cessation of metronidazole treatment, the recurrence rate is about 80% [27] . Unfortunately, long-term use of metronidazole is associated with side effects such as a metallic taste in the mouth, dyspepsia, and peripheral neuropathy [24] . Therefore, metronidazole seems to not be suitable for long-term use in perianal CD (table 1) .
Ciprofloxacin has also been investigated in perianal CD, albeit in only just two small studies. 80-100% of patients in these small case series showed fistula improvement [29, 30] . However, longterm use is associated with nausea, diarrhea, headache, and tendon rupture [24] .
The combination of ciprofloxacin and metronidazole showed clinical response within 12 weeks of treatment in about 60% of patients with severe complex fistulas, and 20% even showed fistula closure. However, again no sustained response was observed, with symptom recurrence after treatment cessation [31] . The head-tohead comparison of ciprofloxacin versus metronidazole in a very small study (25 patients) suggested superiority of ciprofloxacin versus metronidazole, as 30% of patients treated with ciprofloxacin had fistula closure versus 0% in the metronidazole group after 10 weeks of treatment (12.5% placebo group). Furthermore, termination of therapy before week 10 occurred in 71.4% in the metronidazole group versus 10% in the ciprofloxacin group [32] . However, because of the small sample size, further studies are needed. 
Calcineurin Inhibitors (Tacrolimus/Cyclosporine)
In general, CNIs have no significance in the treatment of nonfistulizing CD [33] . However, a number of studies have described efficacy of CNIs like cyclosporine and tacrolimus in fistulizing CD. As with antibiotics, short-term efficacy seems to be good, but fistula recurrence is one of the major concerns after CNI discontinuation [2] . Intravenous cyclosporine achieves a response in 88% of patients, and fistula closure can be found in 44% [34] . These results were widely confirmed in additional studies [35, 36] . However, this benefit should be carefully weighed against potential side effects such as hypertension, tremor, seizures, renal failure, and septic complications [37] . Tacrolimus was investigated in one randomized placebo-controlled trial published in 2003 by Sandborn et al. [38] . Significant improvement in terms of narrowing of fistulas for more than 4 weeks was observed in 43% patients compared to 8% in the placebo group. Notably, the rate of fistula closure was comparable between the two groups (placebo, 8%; tacrolimus, 10%). Serious adverse events were reported in the group of patients who received tacrolimus, which where managed by dose reduction. However, lower doses might be ineffective and need to be assessed in further trials [38] . In 10 patients studied by Gonzalez-Lama et al. [39] , 40-50% clinical response could be found with long-term treatment (6-24 months). Again, this needs to be weighed against potential side effects which are comparable to those described for cyclosporine.
Thiopurines (Azathioprine/6-Mercaptopurine)
The thiopurines azathioprine (AZA) and 6-mercaptopurine (6-MP) are established therapeutics for the induction and maintenance of remission in luminal CD [40] . A meta-analysis investigated five randomized trials of AZA and 6-MP, in which fistula response was assessed as secondary endpoint. The response rate was 54% in the treatment arms (AZA or 6-MP) and only 21% in the placebo arms [41] . Also complete fistula resolution can be observed with 6-MP as described by Present et al. [42] . In their patient cohort, 31% achieved fistula closure compared to 6% under placebo treatment. As is well-known, response to thiopurines is delayed, and often more than 3 months of treatment are needed to achieve clinical improvement. Even if fistula closure is infrequent, thiopurines seem to be effective in the treatment of perianal CD in terms of clinical improvement and symptom relief especially in the long term (table 1) . Side effects such as pancreatitis, allergic reactions, infections, leucopenia, and drug-induced hepatitis need to be monitored closely [40] .
Anti-TNF-Alpha Therapy (Infliximab/Adalimumab/ Certolizumab)
The introduction of anti-TNF-alpha antibodies has remarkably improved the therapy of perianal CD. The available anti-TNFalpha agents infliximab, adalimumab, and certolizumab have clearly demonstrated efficacy in this setting [6] .
The first anti-TNF-alpha agent tested in a placebo-controlled study was infliximab. Present et al. [43] found in 68% of 94 investigated patients clinical fistula improvement (5 mg infliximab per kg body weight; weeks 0, 2, 6) versus 26% in the placebo group. In 55% of patients, fistula closure could be observed versus 13% in the placebo group. The median time to response was about 2 weeks, and fistulas remained closed for approximately 3 months (median duration of response). The ACCENT II trial confirmed these results in terms of efficacy of infliximab as maintenance therapy in perianal CD. 90% of 282 patients included in this study had perianal fistulizing CD. Patients received induction therapy at weeks 0, 2, and 6, and then every 8 weeks (5 mg/kg). 69% responded to the therapy (assessed at weeks 10 and 14). After 54 weeks, 46% of patients in the infliximab arm versus 23% in the placebo arm had a sustained response [44] . Hence, infliximab is feasible for induction and maintenance therapy of perianal CD. However, despite these favorable results, abscess development was observed during infliximab treatment in about 10-15% of cases. External fistula closure might be responsible for this phenomenon. Seton stitch placement can prevent this complication [24] , and cumulative infliximab doses do not increase the risk of abscess development [45] .
Adalimumab was tested in the CHARM study published in 2007. 30% of 113 studied patients with perianal fistulas showed fistula closure after 26 weeks of adalimumab treatment compared to placebo (13% closure rate). An effect was also seen after 56 weeks (33 vs. 13%) [46] . The CHOICE trial revealed similar results. Adalimumab achieved complete fistula healing accompanied by improved quality of life in 39% of patients who had previously failed to respond to infliximab therapy [47] . However, two trials did not show superiority of adalimumab to placebo. In the CLASSIC-1 trial [48] and the GAIN study [49] , no significant differences could be found between placebo and treatment arms regarding fistula healing. Nevertheless, adalimumab seems to be an effective drug in distinct patient populations. According to the available literature, induction doses of 160 or 80 mg followed by 80 or 40 mg at week 2 followed by a maintenance dose of 40 mg every other week is recommended [2] .
Certolizumab is a humanized anti-TNF antibody with a pegylated Fab fragment, and has been evaluated in CD in the PRECiSE 1 and 2 studies [50, 51] . In both studies, fistula closure was not significantly different between placebo and certolizumab treatment groups. However, in a subgroup analysis of the PRECiSE 2 study, 58 patients with CD fistulas (55 perianal fistulas) with prior improvement on certolizumab induction therapy (defined as >100-point reduction in the Crohn's disease activity index) were randomized to receive either certolizumab maintenance therapy or placebo. At week 26, fistula healing was observed in 36% of the treatment group versus 17% of the placebo group (p = 0.038) [52] . Hence, the role of certolizumab in the treatment of perianal fistulas is somewhat elusive.
Combination Therapies
Several combination regimens of the drugs discussed above have been investigated. Selected trials are presented in the following section.
Infliximab and Ciprofloxacin
The combination of infliximab and ciprofloxacin was investigated in a placebo-controlled trial [53] . In this study, all patients received infliximab with randomized arms with additional ciprofloxacin treatment or placebo. The results showed no significant superiority of ciprofloxacin, even though by trend response to therapy was pronounced in the ciprofloxacin group compared to placebo.
Adalimumab and Ciprofloxacin
Recently, Dewint et al. [54] investigated the combination of ciprofloxacin and adalimumab in 76 CD patients with perianal fistulas. Clinical response was defined as 50% reduction in active fistulas. Adalimumab was dosed at 160 and 80 mg weeks 0 and 2 followed by 40 mg every other week combined with ciprofloxacin 500 mg or placebo twice daily. After 12 weeks, 71% of patients in the ciprofloxacin group showed a clinical response versus 47% in the placebo group. Furthermore, fistula closure was 65 versus 33%, respectively. In a further 12 weeks of follow-up, only adalimumab was continued in both groups. As a result, the positive effect of ciprofloxacin on clinical response was lost, without any differences between ciprofloxacin and placebo treatment groups. Therefore, ciprofloxacin combined with adalimumab is more effective than adalimumab alone, an effect rapidly lost after antibiotic discontinuation.
Thiopurines and Ciprofloxacin/Metronidazole
The positive effects of antibiotics on fistula healing are often lost after discontinuation of therapy. Therefore, the combination of ciprofloxacin/metronidazole and thiopurines seem to be a promising approach to cater for the transition from combined induction therapy to long-term thiopurine therapy. Dejaco et al. [55] investigated this drug combination and found that 48% of patients treated with thiopurines and antibiotics showed clinical response after 20 weeks of treatment, compared to 15% of patients treated with antibiotics only (p = 0.03). Along these lines, combinations of antibiotics and thiopurines are useful in the treatment of fistulizing CD and might provide a smooth transition from initial combined therapy to successful long-term therapy with thiopurines.
Thiopurines and Anti-TNF-Alpha Therapy
Tozer et al. [56] investigated 41 patients with perianal fistulas treated with infliximab or adalimumab and thiopurines over a period of 3 years. 58% of all patients demonstrated at least clinical response. 33% in the infliximab group could be defined as being in clinical remission. Most interestingly, clinical remission could be detected far earlier (median 12 months) than radiological healing. All patients with radiological healing while on infliximab therapy remained in remission during the study period. However, loss of response was possible if anti-TNF-alpha therapy was discontinued. No severe septic or infectious complications were detected, even though perianal abscesses occurred in 14 patients. Hence, the combination of anti-TNF-alpha antibodies and thiopurines seems to be effective and save in perianal CD.
Anti-Integrin Antibody Therapy (Vedolizumab)
A newly launched drug for the treatment of CD and ulcerative colitis is the anti-integrin antibody vedolizumab (Entyvio ® ; Takeda, Taastrup, Denmark). Vedolizumab exerts its therapeutic activity by blocking the interaction of the alpha4-beta7 integrin with MAdCAM-1 which is expressed on endothelial cells. Through this mechanism, the inflammatory triggered migration of T-lymphocytes into the mucosal tissue is specifically blocked. In the GEMINI II and III studies on CD, vedolizumab was shown to achieve clinical response and clinical remission in moderately to severely active CD [57] . However, the influence of vedolizumab on perianal fistulas needs to be investigated in future trials (table 1) . From a mechanistic point of view, hindrance of T-lymphocyte migration into the gut wall seems to be a promising strategy for fistula treatment, considering the pathogenesis of CD fistula formation.
Conclusion
Management of perianal fistulas is still a major concern in the treatment of CD, as quality of life is clearly influenced by this issue. Furthermore, septic complications because of uncontrolled abscess formation can be severely life-threatening. Therefore, the treatment of perianal fistulas should follow an interdisciplinary approach, with surgery being essential for drainage of fistula tracks and abscess treatment (see also Kreis et al. [7] in this issue). However, with the availability of anti-TNF-alpha therapies, medical treatment options have substantially changed the prospects and goals of perianal fistula therapy, with fistula healing seemingly possible in a substantial proportion of patients. Unfortunately, healing rates with medical treatment are still below 50% on average, and true healing is rarely achieved with fistula tracts persisting in the majority of cases. Innovative therapeutic strategies are therefore strongly needed. Vedolizumab might be a new promising agent in this setting, even though data regarding its influence on perianal CD are pending.
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